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Structural and magnetic properties of Ni magnetic nanocaps synthesized using electron beam evapora-
tion technique under ultra high vacuum conditions are presented for two Ni layer thicknesses, namely 
10 nm and 20 nm. To prepare them, Si (100) substrate was first drop coated with soft polystyrene (PS) 
nanopheres with the average diameter of 800 nm followed by the evaporation of Ni onto dried substrate. 
For the comparative analysis, the films were simultaneously deposited on plane Si substrate. The films 
were characterized for their crystalline properties using X-ray diffraction measurement in grazing inci-
dence geometry, while other structural properties such as roughness and thickness of these films were ex-
tracted from the fitting of X-ray reflectivity data. The parameters were then correlated with the mag-
netism observed in these films using magneto-optical Kerr effect (MOKE) technique. The influence of 
thickness in these properties is discussed here. 
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1. INTRODUCTION 
 
Magnetic nanostructures are known to exhibit new 
and interesting magnetic properties such as superpara-
magnetism, extraordinary exchange bias, large magnetic 
anisotropy and enhancement in coercivity etc., which 
make them a suitable candidate for magnetic devices 
comparison to their bulk materials counterpart [1, 2]. 
The practical applications of these magnetic nanostruc-
tures, especially those of isolated magnetic nanocaps, are 
interesting because such nanocaps fall into the category 
of oriented magnetic nanostructures possessing nano-
scale size and curvature dependent magnetic properties. 
These properties can be tailored to obtain optimized 
storage capacity and in some applications, optimized 
device speed and performance [3]. The magnetic films on 
flat substrates are generally used to fabricate many de-
vices, however, if prepared on the curved surfaces, they 
can provide additional advantages arising from the cur-
vature induced lateral film-thickness variation, which 
enables the deposition of ultra-thin to thin film on a sin-
gle curvature where their combined magnetic effect is 
observed depending upon the type of deposited film ma-
terial [4, 5]. In order to prepare efficient, high perfor-
mance magnetic devices fabricated using such nano-
structures, several lithographic methods have been uti-
lized in the past. These fabrication methods provide good 
control over various geometric factors such as growth 
morphology, crystallite size orientation, magnetic do-
main orientation and magnetic anisotropy etc. In partic-
ular, nanosphere lithography technique (also called as 
natural lithography) has attracted more attention in 
recent years in comparison with other conventional li-
thography techniques. This is due to its cost effective-
ness, easy fabrication procedure, fast preparation and 
uniform coating of nanospheres over a wide substrate 
surface area [6]. This technique is specifically useful for 
the synthesis of ″magnetic nanocaps″, which consist of 
isolated nanomagnets having negligible or limited dipole 
and exchange interaction among nearest neighbors [7]. 
The magnetic nanocaps made from Co and Co based 
magnetic nanostructures have attracted a lot of atten-
tion for their possible applications in next generation 
magnetic storage devices [7, 9]. Yet, other magnetic ma-
terial including Ni may also be useful for such purpose 
and a need to explore them is felt. Although a few re-
ports on Ni based structures for these applications are 
present in literature, the topic has not been much ex-
plored. M. Hemmous et al. used vibrating sample mag-
netometer set-up to investigate the thickness dependent 
(4 to 163 nm magnetic properties of evaporated Ni thin 
films deposited on different substrates. It was found that 
variation in substrate material induces changes in coer-
cive field as well as in the origins of these values. The 
squareness also depends on substrate and thickness [8]. 
L. Kerkache et al. also studied the thickness and 
substrate materials dependent magnetic properties of 
Ni thin films deposited onto various substrates (glass, 
Si single crystal, mica and Cu), in which thickness-
dependent stress induced anisotropy was observed [10]. 
In the present work, we have prepared curved surface 
on plain standard substrate and study the magnetic 
and structural properties of Ni nanocaps evaporated on 
this curved surface. A comparison of the properties of 
nanocaps of varying thicknesses on a curved surface 
are compared to those of the same thickness films de-




2.1 Thin Film Deposition 
 
The Si (100) substrate was thoroughly cleaned by 
using acetone followed by cleaning with methanol. The 
 




curved substrates containing nanospheres were pre-
pared by nanosphere lithography technique. For this 
purpose, a self-assembled polystyrene (PS) nanosphere 
layer with a diameter of ~ 800 nm was first deposited 
on cleaned Si. This curved surface was then made 
available for depositing Ni with two different thick-
nesses of 10 nm and 20 nm with the help of electron 
beam evaporation method under ultra-high vacuum 
condition. The base pressure in the electron beam 
evaporation deposition chamber was 6.510 – 7 Torr, 
which during deposition increased to 7.710 – 6 Torr. 
The deposition rate of Ni was 0.6 nm/min. In addition, 
at the same time, the reference films of Ni were also 
simultaneously deposited directly on Si substrate. The 
schematic of Ni film grown on plane Si substrate and 




Fig. 1 – Schematic of growth of the Ni film on (a) plane Si 
substrate and (b) polystyrene nanospheres coated on Si sub-
strate 
 
2.2 Characterization Techniques 
 
The magneto-optical Kerr effect (MOKE) technique 
was used to measure the magnetic properties of Ni thin 
film on both plain and curved surfaces. He-Ne laser of 
wavelength 632.8 nm was used for these measure-
ments. For measurement of structural properties, the 
X-ray reflectivity (XRR)and the Grazing incident X-ray 
diffraction (GIXRD) techniques were used with the 
same CuKα ( = 0.154 nm) source on Bruker D8-
discover machine (operated at 40 kV, 30 mA). FESEM 
image of the synthesized PS nanosphere array on Si 
substrate was recorded using JEOL 7610FPlus design 
instrument. Scanning electron microscopy (SEM) was 
used to study morphology of synthesized self-assembly 




Fig. 2 – FESEM 2D image of polystyrene nanosphere synthe-
sized on Si substrate showing the average diameter of ~ 800 nm 
FESEM image revealed uniform and monodisperse 
distribution of the PS nanospheres have with an aver-
age diameter of 800 nm on Si (100) substrate (Fig. 2). 
The arrangement of these nanospheres is hexagonal on 
the surface and their boundaries touch each other. 
However, their upper surfaces are separated from 
those of surrounding nanospheres. 
 
3. RESULTS AND DISCUSSION 
 
3.1 Grazing Incidence X-ray Diffraction 
(GIXRD) Technique 
 
Fig. 3 shows the GIXRD patterns recorded in the 2θ 
range from 35 to 80° on both types of Ni films: (a) de-
posited on polystyrene and (b) deposited on Si sub-
strates. The Bragg reflection arising from Ni (111) and 
Ni (200) fcc fundamental peaks at 2θ = 44.2 and 53.5, 
respectively, are clearly visible in Ni/Si sample, show-
ing polycrystalline nature of the grown films [11]. On 
the other hand, in Ni/PS samples, the XRD peaks of Ni 
(111) plane are not clearly visible due to low intensity, 
indicating a change in relative crystallinity when the 
underlying surface is changed. We had calculated par-
ticle size using Scherer formula [12]. The particle sizes 
(3 nm and 5 nm) obtained from the XRD patterns of 
Ni/PS 10 nm and 20 nm films, respectively, were high-
er than those (1 nm and 3 nm) in plane Ni/PS films 
(10 nm and 20 nm thickness respectively). Also, the 
intensity of XRD peaks increases with increase in film 




Fig. 3 – GI-XRD graphs of Ni (10 nm and 20 nm) films depos-
ited on PS and Ni (10 nm and 20 nm) films deposited on Si 
substrates, respectively 
 
3.2 X-ray Reflectivity (XRR) Technique 
 
To understand the curvature induced modifications 
in the structural parameters like thickness and rough-
ness of the deposited films, XRR measurements were 
done on all the samples and are presented in Fig. 4. 
The XRR data were fitted with Parratt formalism to 
extract different parameters from the experimental 
data. Both Ni/Si (10 nm and 20 nm) thin films are 
smooth and uniform as compare to Ni/PS thin films as 
indicated from the appearance of clear oscillations, so 
Ni/Si XRR data could be well fitted. The fitted Ni 
thicknesses were 13 and 7 nm which are close to the 
designed/deposited thicknesses (20 nm and 10 nm) as 
 




shown in Table 1. Due to very high roughness, Ni/PS 
thin films data could not be fitted. We observed that 
when film thickness increases, roughness decreases 
very slightly in all the samples (~ 4 Å to ~ 3 Å) which 
may be due to increase in crystallinity. Along with this, 
an increase in no. of Kiessig oscillations with film 
thickness was observed in the films deposited on Si 
substrate whereas an opposite behavior was observed 
in Ni/PS thin films, which may be attributed to the 
combination of the film roughness with the roughness 




Fig. 4 – XRR patterns of Ni thin films deposited on Si sub-
strates and Ni thin films deposited on PS substrates 
 
3.3 Magnetic Measurements 
 
Fig. 5 shows the magnetic hysteresis loops of Ni 
thin films deposited on PS nanospheres and plain Si 
substrate. Corresponding magnetic parameters ex-
tracted from these loops are tabulated in Table 1. For 
these measurements, the magnetic field was kept in a 
direction parallel to the substrate. For films on plane 
substrate, the Ni/Si 10 nm and Ni/Si 20 nm films 
showed coercivity values as 2 Oe and 3 Oe, respective-
ly. However, the coercivity increases drastically for the 
films on curved PS surface as compared to that on 
plane substrate (62 Oe and 89 Oe for the Ni/PS 10 nm 
and Ni/PS 20 nm thin film samples, respectively). In 
agreement with the structural observations, it may also 
be attributed to the surface roughness that affects the 
domain wall movement resulting in an enhancement in 
coercivity [7, 13]. 
The films on nanosphere arrays show very high co-
ercivities with drastic changes in the loop shape com-
pared to the films on plain substrate. This may be due 
to a modified reversal mechanism induced by the 
curved nature of underlying substrate and also due to 
the variations in microstructural parameters of the 
film like the change in size of grains and thickness dis-
tribution in the film plane [14]. Differences in the mag-
netic behaviors of these films were observed because of 
the variation in surface morphologies, structural pa-
rameters (grain size, roughness, shape and distribution 
of these grains), which play an important role in in-
creasing the coercivity values and it can lead to a lot of 
pinning sites [15]. These pinning sites act as a barrier 
to the movement of the walls of the magnetic domain, 
thereby increasing the coercive field. Thus, it is clear 
that the coercive field changes as a result of the influ-
ence of combined effects including grain size, magnetic 
anisotropy and morphology of the surface that depends 
on the substrate and the thickness of the Ni film. The 
squareness ratio S (defined as the ratio of remnant 
magnetization and saturation magnetization) calculat-
ed from the hysteresis loops in terms of the ratio of the 
Kerr intensity at remanence to the Kerr intensity at 
saturation was also obtained. A small S value may im-
ply a rotation of magnetization while a large S value is 
correlated with nucleation and motion of the domain 
wall. The squareness ratio of ~ 1 indicates that domain 
wall motion and nucleation are principal factors that 
take part in the magnetization reversal process [16-18]. 
For all the samples, squareness values are shown in 
Table 1. Ni/PS 10 nm and Ni/PS 20 nm squareness val-
ues were ~ 1 and 0.9, respectively, and for samples 
Ni/Si 10 nm and Ni/Si 20 nm, the squareness values 
were 0.89 and 0.88, respectively. 
A. Sharma et al. [16] and L. Kerkache [10] et.al 
found a value of S equal to 0.82 and 0.91 for Ni 
(40 nm)/Si; and Ni (42 nm), which matches well with 
our results for Ni/Si (10 nm and 20 nm) films. These 
values are slightly different for curved films. It indi-
cates that the variation of squareness does not depend 
on film thickness, however, it depends on the underly-




Fig. 5 – Recorded hysteresis loops of Ni (10 nm and 20 nm) 
thin film deposited on PS and Si substrates 
 



















Ni/Si 20 nm 130 3 3 0.88 3 
Ni/PS 20 nm – – 89 0.90 5 
Ni/Si 10 nm 70 4 2 0.89 1 




The effect of curvature and thicknesses on the struc-
tural and magnetic properties of Ni thin films was stud-
ied. For this, Ni thin film with the thicknesses of 10 nm 
and 20 nm were prepared by electron beam evaporation 
 




technique. The substrate surface for curved thin film 
deposition was prepared by fabricating self-assembled 
nanospheres array (800 nm diameter) coating onto plain 
Si (100). Reference films were simultaneously deposited 
on plain Si. Structural properties were investigated by 
using GIXRD, which showed enhancement in crystalline 
nature when the film thickness is increased from 10 to 
20 nm. XRR measurements showed modification in film 
oscillations and amplitude with film thickness. In addi-
tion, a higher coercivity was observed in the film deposit-
ed on PS substrate than that for the film on Si substrate. 
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